Infection as a stressor: a cytokine-mediated activation of the hypothalamo-pituitary-adrenal axis?
Infections are associated with increased plasma concentrations of adrenocorticotropic hormone (ACTH) and corticosterone. Hypothalamo-pituitary-adrenal (HPA) responses have also been observed with immunological stimuli that are not infective. Although such responses have been suggested to be mediated by ACTH secreted by lymphocytes, adrenocortical activation by immunological stimuli requires a functional pituitary. The most likely mechanism by which immunological stimuli activate the HPA axis involves production of cytokines by lymphocytes. The prime candidate is interleukin 1 (IL-1), because IL-1 production follows activation of the immune system and IL-1 administration is a potent activator of the HPA axis. However, other cytokines, such as tumour necrosis factor, may also be involved. Most immunological stimuli and IL-1 also activate both peripheral and central noradrenergic neurons. IL-1-induced activation of the HPA axis in vivo depends upon secretion of corticotropin-releasing factor (CRF), an intact pituitary, and the ventral noradrenergic bundle which innervates the CRF-containing neurons in the paraventricular nucleus (PVN) of the hypothalamus. Besides elevating body temperature, administration of IL-1 elicits a number of behavioural responses in rats and mice, including anorexia, increased sleep time, decreased investigation of novel objects and other animals, increased defensive withdrawal and other behaviours characteristic of sickness. Some of these responses can be reversed by CRF-antagonists and mimicked by CRF administration. Thus, endogenous production of IL-1 can account for a range of physiological and behavioural responses characteristic of sickness. Nevertheless, definitive evidence that IL-1 mediates these responses in sick animals is lacking.